Exoskeletal fragments of Cladocera occur abundantly in late-glacial and postglacial lake sediments. Of the various families of the Cladocera the Bosminidae and Chydoridae are represented by the greatest diversity of remains. The morphological differentiation of the chydorids is sufficiently great that species can be identified positively in most instances from the isolated components of the exoskeleton (head shields, shells, postabdomens, postabdominal claws, ephippia), and frequently even from fragments of these.4
Exoskeletal fragments of Cladocera occur abundantly in late-glacial and postglacial lake sediments. Of the various families of the Cladocera the Bosminidae and Chydoridae are represented by the greatest diversity of remains. The morphological differentiation of the chydorids is sufficiently great that species can be identified positively in most instances from the isolated components of the exoskeleton (head shields, shells, postabdomens, postabdominal claws, ephippia), and frequently even from fragments of these. 4 On the basis of his previous studies the author became convinced that probably all chydorids living in a lake at a given time became represented by morphological remains in the sediments. To test this idea, the lakes at Madison, Wisconsin, were selected for study. For more than 30 years E. A. Birge, one of the world authorities on Cladocera, studied these organisms in the Madison region. His list of species5 forms the basis of comparison for the present investigation.
Lakes Mendota, Monona, Waubesa, and Kegonsa occur in that order downstream in the Yahara River valley at Madison. Wingra, a much smaller lake, had no original connection with the other lakes until a canal was dug many years ago between it and Monona. The sediment samples were collected by means of a 6-inch Ekman dredge at water depths of 25 to 40 feet in the four large lakes, and 15 feet in Wingra. Assuming a sedimentation rate of 2-3 mm a year, the surface material sampled would represent the accumulation of the past 50-70 years, which would encompass the time interval during which Birge worked on these lakes. Qualitative samples were prepared by picking out with a needle the individual skeletal remains. Quantitative slides were prepared by mounting 1/3oo cc of fresh sediment beneath a 22 mm cover slip. In both instances the sediment was first deflocculated with 10 per cent KOH on a magnetic stirrer hot plate.
The most important result of the qualitative study is that, by means of a relatively small effort compared with Birge's, all 23 species of chydorids he listed for the lakes except one were recovered, and in addition six species he had not listed. Five of these latter species, which occurred in small numbers in the sediments, undoubtedly constitute only small fractions of the total living populations. Intensive collecting in the proper habitats at the proper times would be necessary to recover them, and this might be largely fortuitous. The sixth species is abundant in Waubesa and Kegonsa, but these are the two lakes in which Birge collected least intensively. The relative abundance of the various chydorids recovered from the sediments undoubtedly reflects in a general way their relative abundance in the total populations of the lakes, integrated over a period of several decades.
Two conclusions of this aspect of the study are: (1) any species list of chydorids based only on living animals, even when collected intensively over a number of years, must be suspected of being incomplete, and (2) a species list of chydorids for a given locality can be assembled with least expenditure of time and greatest assurance of completeness from a study of the remains in the sediments. The original goal of this study, to determine if all chydorids in a given population leave recognizable remains in the sediments, has been provided with a reasonably affirmative answer. Recovery of the least abundant species understandably will require the most effort. The almost infinite populations of chydorid remains in lake sediments affords excellent material for testing the theoretical aspects of speciesabundance considerations.
In interpreting the paleolimnology of a lake it is important to know not only the species of organisms occurring at any particular time but also their relative and absolute abundance. Progressive changes in these latter two variables provide insight into changing ecological conditions.
Although it is not yet certain that deep water sediments do represent a complete integration of both littoral and offshore cladoceran populations, data from the single samples in the present study suggest a number of significant relationships that merit further investigation.
For the total abundance of cladoceran remains in the sediments, regardless of the parameter used-volume of fresh sediment, dry weight, organic content (= loss on ignition at 5500), ash weight at 5500, and ash weight at 5500 minus the calculated CaCO3 content-the rank order of the four large lakes in the Yahara River valley is always the same, namely, Waubesa, Kegonsa, Monona, and Mendota (Table 1) . Moreover, in four of the five series Wingra lies between Kegonsa and Monona. One must conclude that these microfossil densities reflect real differences between the lakes in the quantities of Cladocera being produced in them. Interestingly, the organic content of the sediments shows the same rank order, except that here Wingra falls between Monona and Mendota. This is undoubtedly related to the much higher CaCO3 content of the Wingra sediments than of the other lakes. Available data in the literature68 show that in terms of mean standing crop of phytoplankton, zooplankton, and total plankton, and of mean content of dissolved organic nitrogen, the four major lakes show the identical rank order (Table 2) . Insufficient data are available to determine where Wingra fits into this scheme.
This close relationship between the mean size of the plankton population and the size of the microfossil population in the sediments is certainly more than coincidental, since the Cladocera utilize the planktonic and sessile algae and the subsequently derived organic detritus and bacteria as food. In lieu of measurements of the amount of carbon fixation by photosynthesis in these lakes using modern techniques, one can only assume that in a homogeneous group of lakes such as these variations in mean level of standing crop of plankton probably reflect real differences in rates of primary production. Past levels of production in a lake are difficult to estimate because many of the important algae in the plankton leave no morphological remains in the sediments. The Cladocera, however, seem to afford exceptional material for eventually determining the actual rates, since the well-being and resulting growth of these animals is accompanied by periodic and frequent moulting of the exoskeleton, with the exuviae accumulating in the sediments. Thus the quantitative changes with time of populations of cladoceran microfossils in lake sediments already described in the literature9 10, 4 may reasonably be assumed to reflect real changes in rates of production of Cladocera, and hence of their ultimate food organismsthe photosynthetic plants and especially the algae. Discussions of this matter with respect to Linsley Pond are presented by Vallentyne and Swabey" and Livingston. 12 And, finally, the percentage composition of the microfossil population shows certain progressive changes that appear to be related at least in part to the morphometry of the lakes (Table 3) , which as is well known exerts a great control over limnological processes. With decreasing surface area and mean depth in these lakes, Daphnia declines percentagewise and Bosmina increases. Linsley Pond9 with an area of 9.4 ha, and Schleinsee4 with an area of 14.9 ha seem to continue this series in that both have Bosmina as the dominant cladoceran microfossil in the sediments. On the other hand, Wallensen,2 which was little more than a pond with an area of about 0.1 ha, had virtually no Bosmina. The volume of water suitable for plankton production must have been very small in this lake. The factors that determine whether Daphnia or Bosmina or even some other genus
of Cladocera (e.g., Ceriodaphnia) assumes dominance in the plankton of a particular lake need further investigation.
One of the typical changes in a lake during its ontogeny is a decrease in volume of water relative to surface area, resulting from the accumulation of sediments. Littoral production of organic matter would be expected to increase relative to plankton production during this ecological aging. In the Madison lakes except for Mendota, as the area and depth of the lakes decrease the proportion of chydorids other than Chydorus sphaericus in the total population increases. The high percentage for Mendota is believed largely artificial, resulting in part from the excessive fragmentation of the exuviae in this lake. Thus the morphometric series for the Madison lakes parallels the sequence of changes one would expect to find in the ontogeny of a single lake.
The last point of interest is the great abundance of the remains of Chydorus sphaericus in the sediments. One might even characterize these lakes as Chydorus lakes, in contrast to the Bosmina lakes already reported in the literature.4'9 Chydorus sphaericus can occur in the plankton, especially in association with bluegreen algae. Perhaps the abundance of these nuisance algae in the Madison lakes helps to explain the abundance of C. sphaericus remains in the sediments.
*Contribution No. 689 from the Department of Zoology, Indiana University. The author is indebted to Dr. A. D. Hasler for arranging to have the samples of offshore sediments collected.
